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SUliMARY 

Object * - To deteimine the permissible ijicrease in engine 
power by using vprlous internal coolants from the consideration of 
fuel knock and cylinder cooling. 

Scope . - Tests were conducted on a Wright C9GC cylinder under 
the follovLng conditions: 



Conipression ratio 7*0 

Spark advance (except £or variable spark-advanco test), 

decrees B.T.C 20 

Cooling-air upstreaiv toTn}jer?iture, °F 12$ 

Engine speed, rpm 2?00, 1830 

Coolinj3-air pressure drop at engine speed of 2^00 rpm, 

inches of water 20, $ 

Cooling-air pressure drop at engine speed of IB30 rpm. 

Inches of water 10 

Inlet-air tenroerature (except for variable inlet-air- 
temperature tests), ^'F . 250 



Internal coolants tested were: 

1. Water 

2. 30-70 methyl alcohol-water volume percent mixture 
3* 70-30 methyl alcohol-water volume percent mixture 
U. Methyl alcohol 

$. 80-20 ethyl alcohol-water volume percent mixture 

Coolant-fuel weight ratios of 0, 0.20, 0.35, O.JO, and 0.65 i»ere 
tested with Array 100-octane aviation gasoline used as the fuel 
throughout these tests. 
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For each tost the fuel-air ratio uras varied and it each fuel- 
air rabio th3 inlet-air pressure was Increased until either fuel 
knock was recorded or the terperature of the rear middle cylinder 
b?.rrel prxc.seded a value of 325° F. 

The relative effects of decreasing the spark advance and of 
decreasing the inlet-air temperature are conparcd with the effects 
of internal cooling. 

Sujmtary of results . - The following results were obtained 
from single-cylinder tests reported herein: 

1. Based on these single-cylinder tests, it is estimated that 
temperature-limited take-off poTrei' may be increased 60 percent, 
knock-Lijnitad rated powei' increaeed 50 percent, snd knock-limited 
cruisin*; power increased 60 percent through the use of internal 
coolants. 

2. R'ssults with different percentages of inetii.yl alcohol in a 
.fixture of alcohol an.! water indicate that a 70-iO methyl ancohol- 
?rster voliine percent inixturo permitted the highest knock-limited 
or temperatare-limited performance at high fuel-air ratios. 

3. T'le mixture of etliyl alcohol and water raised the permis- 
sible tanperatui'e-limited jiower more than the mixture of methyl 
alcohol and '.Tater. 

i*. Tiie mixture! of methyl nlcohol and wiLer raised the permis- 
sible kroclr-limitcd povrer i^re than the "fixture of ethyl alcohol 
and Tfater. 

At knock- or tenperature-linitod indicated me^n effective 
pressures, the indlcoted specific liquid consumption iivitli internal 
coo]jJntE T/as less t'lan the indicated specific fuel consumption 
with fuel alone above 2pO indicated mean effective pressure at 
2500 rpm and a cooling-air pressure drop of 20 inches of water and 
.^bove ?30 indicated nsean effective pressure at 1830 rpra and a 
cooling-air pressure drop of 10 inches of water. 

6. Lowerinr; the inlet-3?r temperature or retardinc: the igni- 
tion tiir.infj \rLthin practical limits did not permit as high knock- 
limited or temperaturfi-liL'-.itfcd power as the addition of suitable 
amounts of internal coolants. 
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nrrRODucTioN 

The NUGA and other laboratories have been Investigating the 
effectiveness of internal coolants as a means of Improv-lng the 
cooling and of suppressing the knock at high alrcraftr-englne poners. 
Kuhrlng (reference 1) determined the effect of iiater and T»ater- 
alcohol mlxtiuces as Internal coolants on the temperatures of a super- 
charged Jaguar aircraft engine. Rotbrock, K^sek, and Jones (refer- 
ence 2) found -that -water injected into the intake manifold of a 
single-cylinder aircraft engine permitted a large increase in knock- 
Ijjnlted power . -Potential benefits of nater as an Internal coolant 
for aircraft engines at cruising power are shoim by tests in refer- 
ence 3* Koenlg and Hleser (reference U) show tliat it is possible 
to obtain greater cooljjig in an aircraft engine by using both water 
and fuel than with fuel alone. 

The purpose of the investigation reported herein is (a) to 
conqpare the effectiveness of mixtures of etiiyl or methyl alcohol 
and water- as internal coolants on the basis of both knock-lijnited 
and tomperatvire-llmited power and (b) fco compare internal coolinf; 
with decreased inlet-air temperature or retarded spark as a means 
of Increasing; the knock-limited or temperature-liiaited povtur in 
aircraft engines. 

The tests were made at the langley Memorial )keronauticnl JjBbo- 
ratory, Langley Field, Va., dxirinc; October and November 19'i2. 



APPATlArtlS Am a-EST HtCCEnORE 

The tesbs were conducted on a Wtlght G9GG cylinder mounted on 
a CUE crarikcase. The cylinder oowlirjf-; and the points for measuring 
cooling-air static pressure drop across the cowling are shown in 
flgiu'e 1. 

A spray nozzle inserted into the intake manifold about 
12 inches upstream from the intake-valve port was used to introduce 
the coolant into the intake air (fig. 2). Both this nozzle and Idle 
fuel nozzle were pointed downstream. The coolant was supplied at 
a pressure of apprnzimatcly 100 pounds per square inch and the flow 
was controlled by a needle valve In the spray nozzle. This arrange- 
ment permitted a large change of flow rate with a small change in 
pressure drop across the spray nozzle. The coolant spray was con- 
tinuous, -urtiereas the fuel injection was timed to take place during 
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the intake stroke . Inlet-air tetnperature was ineasured at the 
outlet of the surge tank and before the introduction of fuel or 
coolant. The coolant-fuel ratios were set by calibrated rotameters 
and the air flow was measured by a flat-plate orifice Installed 
according to A.S.M.E. practice (reference $), 

Engine conditions were as follows: 



Conpression ratio 7*0 

Spark advance (except for variabls spark-advance test), 

degrees B.T.C 20 

Cooling-air upstream temperature, °F 125 

Enfjine speed, rpm . . . ". , . . . 2$00, lfl30 

Cooling-air pressure drop at engine spoed of 2fJOO rpm, 

ina>ies of -iTatcr ■ ... 20, 5 

Coolinq-air pressure; drop at engine speed of 1630 rpm* 

inches of water 10 

Inlot-fiir tsiaperaturo (except for variable inle+.-alr^ 

tc!Eipersitur» tosts), "F 2^0 



Hie ongina spviods and the cooling-air f loff rates were arbi- 
trarily selected to slmul»ite conditions at takcs-off , level flight 
at rit'sd power, and cruising. 

Tlnroughout the t-::stc "ith internal coolants a constant spark 
■'idvancL- of 20^ 3.T.C. Tf^as used pjad no attenQ}t Tvas made to get the 
optlRPim spark advance '■'1th the coolant. 

A.3.1 the internal coolants vrare tested with "^nc lot of Army 
].00-octane aviation g-iaoline. Tho f^iel was obtained from the Army 
supply at Langley Field. 

Specific liquid consunajtion in this paper is the sum of the 
specific fuel and coolant cnnmui^tions in pounds per indicated 
horsepoTFer-hour. Fuel-air ratios used include only the gasoline 
and tho air and noi the Internal coolants . 

The methyl alcohol v/ss a 95 percent commercial grade with 
5 percent alcohols of higher molecular weight. The ethyl alcohol 
was 95 percent coinmei'ciai grade denatured with 0.1 percent benzene. 

The maximum freezing point of the alcohol-water mixtures was 
arbitrarily selected as -70° F. In ordor to satisfy this limit, 
tlie following approximate compositions of the internal coolants 
vrere useds V.ethyl -ilcohol and water, a minimum of 60 percent 
alcohol by volunoj eth;/-l alcohol and wattr, a minimum dt 80 percent 
alcohol by voluina. 
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The tests consisted In detorm.lning the maTiimim permissiblo 
indicitfd near, effective pressure and the corresponding indicated 
specific. I'uel cQnBuiiiption..at varloas .fuel-air. ratios and scvor.il 
coolant-f^iel ratios as limited by either (1) innlpient knock 
determined by an oscil3.ograph with a Stancal pickup unit in tlie 
cylinder or (2) a middle rear cylinder-barrel tenrperataro of 
325° F. It was found that, by use of this value for a temperature 
lindt, the tests could be run without frequent ovarhaals caused 
by rapid ring wear or j^ing sticking f Throughout this report 
teniperaturE^-liinited dat.a points as distinguished from knock- 
limited data points will be marked only on the curves of indicated 
mean effective pressure against i^lel-air ratio. Surface igiiltionj 
when it occurred, was detected by raomontarily cutting tlie Ijjiition 
Bwltch. 



mT RESULTS kiii) DISOflSSIOtI 

Alc.ohol-.7atcji- Mixturr^s 

Methyl i lcohoii - Four wL;Tii'5-pe!rce:ita;'e laijcturef of -nethyl 
alcoho 1. arid wattjr Wire usiid to i'ln.l fiiet iiilxlnre that wouM .five 
the beei, outline periormance; 100 ,ievr.ont Tuaterj y' pei'oont ailnohol 
ind 70 percent mter; 70 percent. aDi'ohol and 30 poj'cenfc r-at sr; nn-' 
ICX) percent alco>iol. Vaa coolant -fuel r?tio was. kept coiistarst in 
each case st <0 iiercmih by jnri^jht. 

KcjEiilta ehor.n in fif^urRs; 3 nir"! U 1.n'licn+.o that -i 70-30 methyl 
alcoho 1-wa.tsr volij"ie onrc^snt r^b:l.llr^: pprnritt'.'d *he hi{*hest power 
'it fuf^l-.iU- rat-los liij^her t'lon >.!.0;j, whercaf water oLone -flap b' st 
at the lor/er ratios • Tt"n?.>ern turcs of tlio roer Bpavk-£ilag bushing 
for any on? fnel-air ratio ana J'or any constant jjoner appeal' to 
increase witli increjOEmR alcohol content. (Sae points A, B, and 
C in fi{;. k») il^are showt that, wSth tha 70-50 racthi'l alcohol- 
water taixture, the indicated sneiiific liquid consuii5)tion la con- 
sidrirably tiao lowest .for the indicated moan «ffi:ctive pressiires 
recorded above 290 pounds per aquarc inch. Inasmuch as the curves 
in figure h ar;? based on only four data points, the dita do not 
accurate3y define thi' alcciJiol-wahar ratio for peak ^.erfo^nauee for 
high fuol-air ratios. Based o:i the results in fi,;ijre U, a 
70-30 inetJiyl alcohol-water ralxtur.; -pras used in tlie subsequent 
tests. This mixtiire also e-atisfios t-he arbitrarily selected 
freozinp-point IJjait of the internal coolant. 

Ethyl alco.hol . - An 60-20 -i thyl alcoho 1-Tr^t.er volume percent 
mixture was nssd in the teste witJi fjthyl alcohol because tnis 
mixture has the lowest ebhyl-alcohol content that ii»ould satisfy 
a freezing tfanperatur-is of -70° F. 
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Effect of Different Coolants on Power Tilmltatlons and Pael Consuirptlon 

ae Determined by Engine Speed and Cooling-Air Pressure Drop 

Englnfe speed, 2^00 rpm; coollng-gir pressure drop across cotrl- 
ijig, 5 inches of vraber . - Plg'Tre 6 ^jresents data at virioue coolant- 
fuel ratios -ffith Eistliyl alcohol and water as tho coolant • At a 
cooling-air pressure drop of inches of wsster, tho Gn;?ine perform- 
ancn was limited by teoperatui'e in evv.)ry case. 

At any fuel-nir ratio lower thsin 0.06, the raaxiunim perniesiblo 

povf-ai' did imt increase as the coolant-fuel ratio j.ncreared. Any 
increnge in po-?er with coolant at CDnstfuiu fael-nir ratio was at 
the exni^nsf' of incroased indicnted specific fuel consul:?) bj.on except 
at fuel-air rntios lo'^'er thnn C.06?, ".■Jhcre the ijidicated specific 
fuel consumption decreased with .'norease o.r coolant-faol ratio. 
Tho indicated Kpcjcifif: futl cons'JTO.ptiot; ±r. p]ottocl riir.iinst the 
fuel-nir r.gl-io instfjid of the tnt-'l liquid-aJ.r rfitioj therofor.5, 
in aiijf case writ-;re th'.i cool-oit b'irnsd, the iniicated fpecific fuel 
consumption decroassd in the Innii regions Titn increasc-d coolant- 
fuel ratio. 

It Toay be bbcti in fi.'^nre 7 that tompcraturcj rather than knoclt 
■■rap af;oi.r. the Unit '.rith tJie ni.xturr; of ethyl alcohol arid water as 
the ccolant. The nini:inuin porjidfisible yr-wor 7/ntii coolant aho'TS little 
or no Increase ovKr tho maximuri with fuel alone, at ver;* hi-^h fucjl-air 
r3ti-.->s (points A and E). AlthoMph not ehoTm, yO-20 ethyl plcohol- 
watei- mixture -'t an en;ino 3p^ed of ??CK) rp:n and a cooling-air 
pressure drop of ^ Inches ol TOt;jr sefj'^s to i^ive an abrupt pf?ak in 
the uo»?er oui-vc ovrinj to extreme: ly i^ough runnin-? of the engine when 
tho fuel— nir ratio is increased beyond a certain value at hlr^ 
coolant-fuel ratios. 

Jingjnc speed, 2^00 rpmi cooling- 8 i r pressure drop across 
cowling 2o incht;:. of wpt<3r , - At a coolinf-air pressure drop of 
2b inchei: of vrqt'ir the purforrjanc"! -filhfuel nlons was knoclr-liraited. 
Dat i wit'i a nixtiiro of nethyl a].cohol and water (fir« indicatu 
that a con-iidoi'"bl6 jjicroaee ir. power ir. madi". por.siblo at any one 
fuel-air ratio vrUJi incrcasud ciolnnt-fuol ratios. Th.^ performance 
vas knock-lj nited with low coolmit-fuel ratios an'? bfjcara'-? -t-smporature- 
limitod -'»t hifih cool{?nt.-.*\n:l ni-ios. 

Dat? with the mixturfi of pthyl alcohol and i-atpr ac the internal 
coolant ar« ciiown In fijure 9. notinosbl'? fact is that knoi;k 

rather than t.jnp-.-ratur« v/as t.ho limitinfj faci-or cvnn at hif^h indicated 
mean pjfectlvn pr'jssuros. It ainj-ijirs from thu mirtur'^a usod at these 
engine conditions th^t thts riiiTtturi;: at .nufnyl Tlf.ohol and w-?toi" is 
a better knock suppressor then i--: thf.- mixlur.: of oth^'l alcoho]. and 



NAGA ABR No. EliH?! 



7 



water. At the lower fuel-air rntlos with ethyl alcohol-wat«r as 
tJip coolant the loner coolant,-fuel ratio gave no increase in per- 
missible pcwer. 

Engine speod, 1830 rpm; cooling-air pr&ssure drop across 
co wling, 10 -LhcheB of TOter . - Figaro 10 shows performance with 
the mixture lif netliyl aloohol and water. At these engine condi- 
tions, a large increase in permissible power nia possible with high 
coolant-fuel ratios with the power becoraiLng ta-nperature-Upiited at 
the high ratios. Also, the indicated specific ftiel consumption did 
not inoruase at ttie high funl-alr ratios with internal coolants to 
tht; ejctent observed in the previous figures. 

Figure 13 presents data with the mi:Tturo of etliyl alcohol and 
water ^s ths coolant. All tho (lata points ara knock- United snd, 
as in figuro !?» no increase! in i.-owpsr wns evLilent vdth the low 
coolai^t-fiiel ratios anta.l hiyh rijcl-.ilr ration were ro.nched. 



Effect of Differ-.nt Coolanty and Power on Koprenentativc 

CyUndor Tunpurature.-!: as Deter lined by EngLnc Sf^eed 

an«i CfJoH Lnt^-Air Pi'OECure Drop 

jiln cine spocd, 2^00 rpni; iioc-l ing-qir pn.agiro drop ncron ts 
co-A-ling", c jnchos of v/atcr . '- eTIjiiro If? prusfinLe cylLrnl-.r torapwra- 
turos an nfi's-ptrd b.v vir.ioui cnolnrjt-fu-_l ratios of niixturon of 
methyl .ilcohc'l "nd water an-i ethyl alcohol nn-J r/gli.-r 5t the kii'ick- 
ILmitt'^' or ti,n)].'oraturo-lim.lt'.;d power. The ti.!mp';rri tares oi' th*j rear 
opar;c-pln,< husliinr, for nny one fuel-nir ratio, docr'jassd it rilcJi 
cool-nt-^'icl ratios althoapih the power iiicrcaRr,d. For ."uiy one 
power level, hovevor, the t^imporatures remained nearly constant as 
the coolant-fael ratio was LncroaHed and the fuel-air ratiu was 
decreased (points A, D, and C on fis. 12). The ethyl alcohol- 
wat'T mlxturi; permitted higtitr pemissible indicated mean effective 
pressure at iiig^h fuel-air ratios nnd hi.gh coolnnt-fuol ratios than 
did the methyl alcohol-water mixture • 

The termination of the carves of indlcatod mean effective 
pressure ia, in "aoat cases, not av indicatior. of ra^lximu.^l performance 
obtained but is the limitation of the cross plots. 

Engine speed, 2gOO iprti cooling-glr pressure drop ?jroBS 
cowlingj 20 inches of waiter . - Fiffure l.ii .^ives r^=?p^gsentativ& engine 
temperatures as affected by various coolant-fiiel vrei^ht ratios of 
mixtui'es of methyl alcohol Vid water an-J ethyl alcohol and wator. 
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At these engine condltionB the methyl alcohol-water mixture pennits 
hlguer permissible indj.cated mean effective press'ire than does the 
ethjrl alcohol-water mixtiire. 

Engine qpeed, I85O rpmj cooling-air pressure drop across 
cowlingT 10 jJ^ches of water . - Engine- tenperature data with mlgtures 
of Methyl alcohol and water and ethyl alcohol and water as the cool- 
.'mt.s are shown in figure lU* The general temperature level was 
lo-iver at the lower engine speed. 

T&Tjaeratures tilth the methyl alcohol and v/ater cool^int were 
the hif;hest for constant power Tihsther the data points with this 
coolant ■>vere knock-limited or temperatur'^-llniitcd. The fuel-air 
ratios for any power level were different for the various coolants. 



Effect of Internal Coolants on Process of Gonibustion 

Effect of internal coolants on weight of inducted air . - Fig- 
ure 15 presents data wtilch indicate that the injection of different 
I'atioE of variouF cool-Tnts into the intake manifold directly ahead 
of the cylinder of this engine setup did not increase the weight 
of inducted air to the engine. 

Effect of internal coolgntn on thermal efficiency . - Values 
of heat liberated pfjr pound of air at tho stoic'iioraetric mixture of 
ths fuel and the combustibles in the coolants are as follows: 



Low heating 

value 

(Bta/lb) 



Stoichioiaetric 
fuel-air ratio 



Heat 

liberated 
(Etu/lb air) 



Fuel, 100-oct-nne a-jlar- 

tion f;asoline 
I<f;thi''l alcohol 
Etiiyl -ilcohol 



15.?.00 
8,ii20 
11.^90 



0.0663 
.111 



1305 
1287 



Data in figure 16 Indicate that the thermal efficiency calcu- 
lattiCi from ths indies t-xi opecific liquid consuinjjtion and from the 
foregoing table was decrease i ver/ littlt rslativs to fuel alone. 
Points A, B, an'^ C on fiijar^ 30, concludud, e'.iov that at a constant 
pcmer l-jwl the inOicnte'J epec Lfic air consunitytion decrensed 
slinhtly as the coolaiit-fiiel ratio of any one coolant, was incroasid 
because tlis friol-air rntio wss decreasing. 

Effect of coolpnt-fuol ratio on the li:altuig-rich fiul-air 
mixture . - In fig^uro 1? knock-limited or temperature-lii?iited d^ta 
are presented which shov/ c;n;7ine performance vith and 'yithout 
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coolants as limited by the richest fUel-air mixture that permitted 
regular firing; of the engine. This fuel-air mixture is designated 
limiting-rich- fuel-air -mixture. These ounres do not represent 
exact values but give a good approximation irith any of the coolants 
used. 



■ Ehgine Perfoziiiance with Methyl Alcohol as a Fael 

Figures IB and 19 show the ca?nparison of engine perf omance 
and teoperatures obtainfid with methyl alcohol and Army 100-octane 
aviation gasoline as fuels. In this case the alcohol iras injected 
continuously «uid not timed as the gasoline fuel was in the other 
cases. In order to compare the two fuels, the ratio of the actual 
fuel-air ratio to the atoichiometri.c fuel-air ratio was used as the 
abscissa of the curves. For gasoline fuel, 0,066-3 was used as the 
stoichiometric fuel-air ratio and, for the inethyl alcohol, 0.1^5 
was used. The data with methyl alcohol were Imited by the capacity 
of the: fuel sy&tem. 



Effect of Inlet-Air Temperature on Performance with the 

Mixture of Vethyl Alcohol and Vater as a Coolant 

Data of engine perfoniianoe T/ith a mijcture of iUftthyl alcohol 
anc: water is the inttOTT.gl cool?3nt as affected by raisinc; the inlet- 
air temperature froi.-i 2?0° F to 3^?5° F '^s prtJJJentad In f ieurcs 20 
and 21. At rich nixturris thu int-.c.mal coolintS at an inleL-air 
tempera turR of 32.";° F puroittnd increanes in power over fuel fllone 
at 2^0° F even though the inlct-air tcrpergtiire was increased 75° ^ 
(fig. 20). The ttjnp.jratura of the rear spsjk-plug bushinf;, in the 
rich i'ec;ions, was lower with the low inlet-air tianporature and 
coolant than v/ith the high inlct-air temperature and coolant even 
t:io>igh the power was greater. (See fig. ?1. } 

Effect of Spark Advance and Inlet-Air Temperature on Khock-Iimlted 

or Tampera ture-Li mi. ted Performance 

The effect of retarding the spark below 20° B.T.G. at the high 
engine speed of 2^00 rpm is shown in figure 22. The data show that, 
under the test conditions, retarding the spark permitted little or 
no increase in the permissible power because of ten$)erature limita- 
tions with tho retarded spark. The permissible power In the lean 
regions was somevihat increased with rei^rded spark but was hardly 
affected at high fuel-air ratios. This engine, with a spark advance 
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of 15° P.T.C. and a fuel-air ratio of 0.07, permitted an indicated 
mpan effective pressure of 186 pounds per square inch irith an indi- 
cated sTGoific f^iel consumption of 0.)40 pound per horsepower-hour. 
The S3,'n.:i pr.rmissible poirer level, Tiith a spark advance of 20° B.T.G., 
roquircd an indicated specific fuel consumption of O.ii.2 pound per 
horsepoiTer-hour. The decrease in spark alvance allowod a lofwer 
fuel-air ratio for the same power loveil. The temperature of the 
exhaust-valve guide (fig. 23) incr'sased is the spnrk was retarded 
for ony on? fnel— air ratio, ■rhereas thu temperature of the raar 
spark-plug bushing increased in tho lean regions but was only 
silphtl;y- affected it high l>Jie]-air ratjos. 

D'ita presented in fijnires 2h and 25 compare the effect of 
retarded spar'c or dpcroased inlet-air testpcraiiire Trith the effect 
of jntemal coolin;; on permissible sn/ine perfonaance and cylinder 
t&mperai.urfjs. From figures 2? and 2h the indicsted specific fuel 
consUiUp. Lions wero vcrjr close toRcther for a spark advince of 
90"' '5.T.C. nt t'ls Lvro irilet-air t&nper?.tures, vrtiereas at 9 spark 
adviPC3 Ox 5" Vi.±,C the specific fuel consumption wp.o higher with 
l.hc loTirr inl'-+-'?ir tiimperature. 

The? addition of siiit.'».ble amounts of internal coolrait was more 
effective for rsiirinF t.hfi peiTnisfiibln knock-lijai ted or ten^jprature- 
li.>niter3 power t'lsin th'": r'-.tnrdin;; of t.i : itqiition tLTiinn or the 
lov/orinr oi the dnlet-air ter^jeroture. In tli'3 3«an-nirture re,-jions 
r«tai''lirg ihe i,ir,ition ■Urainf, rnistsd th'^. knock- limited pfjrformance 
but lovbTpA tiic t'cni wp-ture- limited I' vrforra-mce. loworint; the 
inlQt-=i.lr U^Tiper-Tture i'aiawd tno knock-limited perfor^"r.'''.' and 
sli.'ThtTy nisiid tiit' ■l?i.'!i-cratare-liii-tcif^ iparfomi''nc'-'. Addition of 
ln"l3rxTi'J coolrjnts tsst.jr^ rnlsi^l >iOth knr>r"- ih-j tempErn burft 
liniits jji the rn ch-mixture ropions. 

SJjTfflARY OF REflrrLTTi 

Thfi fol lowing r-.^sults apnly to t^r.t.fj of internal coolants to 
increase the ]i-:,r:ii.or?iblc vjn^ine powor te det-^r-nincd in tl single- 
c.vlindor lircr-ifb t-^-st cOTj'in'-t: 

1. yjics'l on those sinf^l-.-cylind^r N.-sts, it is a st Incited that 
tcHiOorfitur-i-limltiid ti'c.-,-oi'f poivi--;r n^!,/- o-- incr-snfrjH 6u p^rcpnt, 
knock-limited nt--d pov/sr iTicrca.nsd ^0 porccnt, on*-! krock-linited 
cnvi&ing pokier incre«i£:i.d tjC- percent tlirough thra uso of internal 
coolants . 

2. RftfTjlts; 'vith difforont percontaf^s of nf.ihyl nlcohol in a 
mijcture of ilcohol ravl water indicate that a 70-J0 methyl glconol- 
■v-'atcr vuliiiTic porcynl- mixture pcriaibted tno hij^nsst knock- lir>.it--jd 
or t:.mp-:rJ!turo- limited parform^ince -it hi^h f'lol-air ratios. 
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The mixture of ethyl alcohol and -nater raised the permis- 
siblG .tfimp^atnre-limited powur moro than the "idxturs of siothyl 
alcohol and water. 

U< The mlrburo of methyl alcohol and nater raised the jtermis- 
sible knock-limited powrr morn than the mixture of ethyl alcohol 
and nater. 

!?■ At knock- or temperature -lljnlted Indicated mean effective 
prosDuros, the indicated specific liquid consumption nlth internal 
coolants nas less than tho indicated specific fuel consumption 
irLth l\iel alone, a'uove 2^ Indicated mean uffoctlve pressure at 
2?00 rpra and a cooling-air pressure drop of 20 inches of water and 
above 230 indicated mean effective presfiurc at IB30 rpm and a 
cooling-air pressure drop of 10 inches of fiatLi-a 

6. Jjoverijnr, the inlet-air temper aturfi or retarOin^; the ijrni- 
tion tirainp within praf.tio&l limits dirt not pnrrnit as hif^h knook- 
liinited or temper&tvre-linited jjower as tJie addition of suitable 
amountn of Internal coolanl-R. 
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Figure 1. - Diagrcm of air duct and couling. 
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- Induct ion system for internal coolant tests. 



NACA ARR No. E>IH3i 



Fi9. 3 




.6 £ 



.08 .10. 
Puel-alr ratio 

Engine performance as permitted by various Internal coolants. 



Figure 3 _ 

relative to fuel, constant at 50 percent by~welsbt{ Wright C9GC cyllndert engine speed. 
2500 rpm; coollne-alr oressure drop across cowling, 20 Inches of water} conpresslon ratlOt 
7.0} spark advanCe, 20» B.T.C.i Inlet-alr temperature, 250° F( eoollne-alr itpstrean 
tenpcpature, 125° fi fuel. Army lOO-oetane aviation gasoline 
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0 20 40 60 80 100 

Volume percentage of methyl alcohol In alcohol-water Internal coolant 
Figure U. — Representative engine temperatures and maxlmun permissible Indicated mean effective 
pressure as determined percentage methyl alcohol In the Internal coolant and fuel-air 
ratio. Internal coolant relative to fuel, constant at 50 percent by welghti WplKht C90C 
cylindcrt engine speed, 2500 rpm» coollng-alr pressure drop across cowliilg, 80 Inches or waterj 
compression ratio. 7.0i s&arK advance, 20" B.T.C.t Inlet-air temperature, aSO' Pj coollng-alr 
upstream temperature. I250 Fi fuel. Army 100-octane aviation gasoline. 



NACA 




160 



SOO 240 280 320 
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360 



400 



Flj^e,5.__-^Inlet-«ir pressure and Indicated speelfle liquid' consumption required at various power 



evels with various volume percentage of methyl alcohol In alcohol-water Internal coolant as 
parameters. , Internal coolant relative to fuel, constant at 50 percent by welghti Wright C9CC 
ejllndert enelne speed, 2500 rpmi eoollngralr pressure drop across cowllnc. So lacbes of aateri 

conmressloa ratio, 7.0i soark advance, 80° B.T.C.i Inlet-alr temperature, 250'^ ~ 

upstream tanpcrature. 125^ Pi fuel. Army lOO-oetane aviation gaaolliM. 
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Fig. 6 




.06 .08 
Fuel-air ratio 

Figure 6. - Engine performance permitted «lth a mixture of methyl alcohol and water as an Internal 
coolant at an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling of S 
Inches of water. Wright C90C cyllnderi compression ratio, 7.0t spark advance, Z0° B,T»C.|^ 
Inlet-alr temperature. 250° Fj 6oollng-alr upstream teiqpef ature , 125° Ft fuel. Army 10O-o«tan« 
aviation gaaolios. 
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.06 .08 .10 

Fuel-air ratio 

Figure 7. - Engine performance permitted with a mixture of ethyl alcohol and water as an Internal 
coolant at an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling of 5 
Inches of water. Wright CQQC cyllndert compression ratio, 7.0j spark advance, 20° B.T.C.v 
Inlet-alr temperature, 260° F( coollng-alr upstream taaparature, 125° Fi fuel, krmj lOO-ootane 



aviation gasoline. 
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.OS .08 

Fuel-air ratio 

Flcura 8. - Engine performance permitted with a mixture of methyl alcohol and water as an 

Internal coolant at an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling 
of 20 Inches of water. Wright C90C cyllnderj compression ratio, 7.0i spark advance. 80° B.T.C.» 
Inlet-alp tei^ierature, 250° Ft coollng-alr upstream temperature, 125» Ft fuel. Army lOO-octana 
aviation gasoline. 



NACA ARR No. E4H31 



Fig. 




120 1 

.06 .08 

Fuel-air ratio 

Figure 9. - Engine performance permitted with a mixture of ethyl alcohol and water as an Intsriuil 
coolant at an engine speed of 2500 rpm and a eoollng-alr pressure dpop across cowling of SO 
- ^ . , -0" B.T.C.i 



Inches of water. 
Inlet-alr teiver 
aviation gasoline. 



Wright COOC cylinder} compression~ratio^ 7.0| spark' advance, 20" 
Inlet-alr teiyerature, 2&0o ooollne-slr upstream tenperature. 125° fuel. Army lOO- octane 
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Figure 10. 



.08 .10 

Fuel-air ratio 

Engine performance permitted with a mixture of methjl alcohol and water as an In- 



ternal coolant at an engine speed of 1830 rpm and a coollng-alr pressure drop across cowling 
of 10 Inches of water. Wright C90C cylinder} compression ratio, 7.0} spark advance, 20° B.T.C. 
inlet-atr temperature, 250° F} coollnc-alr upstraan temperature, 125° Pj fuel. Army lOO-octont 
aviation gasoline. 
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.06 .OS 

Fuel-air patio 

Figure 11. - i;ngine perfomiBnce permitted with a mixture of ethyl alcohol and water as an internal 
coolant at an engine speed of 1830 rpm and a cooling-air pressure drop across cowling of 10 
inches of water. Wrieht C90C cylinder) compression ratio, 7.0t spark advance, 20° B.T.C.) inlet- 
air temperature, 2S0° Fj ooollne-alr upstream temperature, 12S° F; Tuel, Arn^r 100-octane aviablon 
gasoline. 



CA ARR No. EfHSI 




10 20 30 1«3 50 

Weight percentage of Internal coolants relative to fuel 
Figure 12. - Representative engine temperatures and naxlmum peralsslble Indicated meaui 
effective pressure as determined by percentage of Internal coolants at various fuel- 
air ratios at an engine speed of 2500 rpm and a ooollng-alr pressure drop across 
cowling of 5 Inches of water. Wright CgaC cylinder; compression ratio, 7.0: spark 
?S8"S^', 1 °:'"-°-,=Jl"^*i"*^'' temperature, 250° F; coollng-alr upstream temperature. 
125° F; fuel. Amy 100-octano aviation gasoline. 
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To S5 30 lio 50" bo 

Weight poreentage of Internal eoolante relative to fuel 
Figure 13. - Representative engine temperatures and maximum permissible Inaioated mean 
effective pressure as determined by percentage of Internal ooolanta at various fuel- 
air ratios at an engine speed of ?500 rpo end a coollng-alr pressure drop across cowling 
S^o^2 °'- Wright 090c cylinder; compression ratio, 7.0; spark aavance, 

eo B.T.C: Inlet-alr temperature, 250° T; coollng-alr upstream temperature, 125° F: 
fuel, Army lOO-octane aviation gasoline. 
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10 20 30 UO ' 50 60 70 

"l-B™ percentage of Internal coolants relatlre to fuel 
Figure ilv, - Heprenentatlve engine temperatures ana maxlDum permissible Indicated mean effec- 
tive pressure as determined by percentage of Internal coolants at various fuel-air ratios 
at an engine speed of 1830 rpa and a coollng-alr pressure drop across cowling of 10 Inches 
of water. Wright C90C cylinder; compression ratio, 7.0; spark-advanee, Z0° B.T.C: Inlet- 
alr tenperature, ZJO" T; coollng-alr upstream leaperature. 1B5 P; fuel. Army 100-octane 
aviation gasoline. 
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20 70 1^0 50 60 70 80 90 

Maximum permissible inlet-air pressure, in. Hg abs-. 
Figure 15. - Weight of inducted air as affected by internal coolants injected into the 
Intake manifold at cooling-air pressure drops across cowling of 5, 10, and 20 inches 
of water. Wright 0950 cylinder; compression ratio, 7.O; spark advance, 20° B.T.C,; 
inlet-air temperature, 250 cooling-air upstream temperature, 125° Fj fuel. Army 
lOO-octane aviation gasoline. 
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.8 1.0 1.2 1.1^ 1.6 

Llquld-alr ratio 
btoichlometrlc liquid-alr ratio 
Figure 16. - Thermal efficiency as affected by the addition of various Internal coolants at 
an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling of 20 Inches 
of water. Wright C90C cylinder; compression ratio, 7.0; spark advance, 20° B.T.C,' 
Inlet-alr temperature, 25O" F; coollng-alr upstream temperature, 125° 5": fuel. Army 
100-octane aviation Rasollne. > 
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percentage of Internal coolants relative to fuel 
Figure 17. - Effect of percentage Internal coolants on limiting rich fuel-air ratio and maximum 
permissible Inlet-alr pressure at an engine speed of 2500 rpCR. Wrlgbt 0900 cylinder) eonpresslon 
ratio, 7.0} spark advance, 20° B.T.C.) Inlet-air teiqperature, 250° F) eoollng-alr upstream 
temperature, I250 Ft fuel. Army lOO-oetane aviation gasoline. 
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1.20 1.40 
Fuel-alr ratio 
stoieniometrlc ruei-air ratio 
Flpire U. - Maxlmim parmlsslble engine performance with methyl alcohol as a fte*l at an engine 
speed of 2500 rpm and a cooling-air pressure drop across cowling of 20 inches of water, dtrlcht 
C9GC cjllndert coispressloa ratio, 7.0t spark advance, 20° B.T.C.i inlet-air tcnpcrature, 250** F| 
cooUng-alr upstream tcjiipcrature, 12S° F> fuel. Army 100-octane aviation gasoline. 
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Fuel-air ratio 
Stoichiometric ruel-alr patio 
Figure 19. - Effect of methyl alcohol as a fuel. on representative engine temperatures at lexlmuni 
permissible Inlet-nlr pressure at an engine speed of 2500 rpm and a coollng-alr pressure drop 
across cOMllng of ZO Inches of water. Wright C9CC cyllnderi compression ratio, 7.0; spark 
advmnce, 20° B.T.C; Inlet-alr temperature, 250" F; cooling-air upstream temperature, 125° Fj 
fuel. Army lOC^oetane aviation gasoline. 
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.08 .10 
Fuel-alp ratio 

Figure SO. - Engine performance with a mixture of methyl alcohol and water as an Internal coolant 
as affected by inlet— air temperature at an engine speed of 2500 rpm and a coollng-alr prasaura 
drop aeroas eowllng of 20 Inches of water. Wright C9GC cvllndert comprecalon raclOf 7«0t spark 
advanea, aO^ B.T.C.t ooollng-air upstream Lemperature, 125° F» fuel, kpmj 100-oetane aviation 
gaaollne. 



NACA ARR No. EVH3I 



Fig. 20 cone I . 



90 



a 80 



70 



60 



50 



; 




















NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


'. 


; 
































I 


; 




















Fue 


1 






Xnl 
temc 


!t-al 

'ratv 


p 

fe 






















f inr 




np 


lat.lc 




250 


; 














Z 








7 San 
C 


asoll 
t + e 

nnl.r 


r»e 

5 per 
t 


cent 


Inter 


nal 


250 


; 














/ 


I 






> S^n 
c 


s + 6 
oolar 


5 per 
t 


cent 


Inter 


nal 


325 


\ 




































\ 
















— J 




















I 






J 












1 




















'■ 
















L 


























\ 


















































































It 


tern: 


1 eo< 




70-2 




hvl 












i 










sr 


nlxti 
ulne 


Ol-Wc 

pe 

£££££ 


tep < 
. S&C 


olumc 
0 TBI 


pore 


• nt 






















Cc 


ollnc 
cowll 


-alp 
ng. 5 


press 
0 Inc 


lire c 
hes c 


pop i 
f wat 


cross 
er 


- 


'. 
































































1 1. 


7-40 : 

' . - »! 

1 1 11' 



40 



30 



20 



Figure 20. - Coneludad. 
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Figure 21, - Effect of internal coolant and Inlet-alr temperature on representative engine tem- 
peratures at maximum permissible Inlet-alr pressure at an engine speed of 2500 rpm and a cool- 
Ing-alr pressure drop across cowling of 30 Inches of water. Wright C9GC cjllndepi compression 
ratio, 7.0i spark advance, 20° B.T.C.i coollng-alP upstream temperature, 125° F| fuel. Army 
100-octane aviation gasoline. 
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Puel-alr ratio 

Figure 22. — Engine performance as determined by spark advance at an engine speed of 2&CK> rpm and 
a coollng-alr pressure drop across cowling of 20 Inches of water. Wright C90C cylinder} oora- 
presslon ratio, 7.0j Inlet-alr temperature, 250° Pj coollng-alr upstream temperature, 125° Pj 
lucl. Army 100-oetane aviation gasoline. 
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Figure 23. - Effaet of spark advance on peprcsentatlve anglne tanparatupes at Maxlaum p«p*laslbl« 
''S^Si'f praaaure at an engine apeed of 2500 rpin and a coolln«-alr prcaaur* drop acposa cowling 
of 20 Inchea of water. Wright COOC oyllnderi conpresalon ratio, 7.0| Inlat-alp tenperaturc, 
250° Ft eoolliiB-Alr upstream tcjaperatvtre , lisfi F| fuel. Army 100-ootanc aviation gaaollnc. 



NACA ARR NO. Ei»H3l 



Fig. 




.08 

Fuol-«ir ratio 

Figure S^, - Engine performance as determined by epark advance and Inlet-alr temperature with a 
mixture of methyl alcohol and water *« an internal coolant at an engine apeed of 2500 rpa and 
a coollng-alr presaupa drop aoroaa cowling of 20 Inches of water. Wright C9CC exllndePi ooa- 
praaaton patio, 7.0| eeollng-alp upatpeaa camparatupa, 12S° Pi fuel. Army 10(Heetana aviation 
gaaollM. 
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Figure 25* - Effect of spark advance. Inlet-air temperature, and Internal coolant on representa- 
tive engine temperatures at maximum permissible Inlet-atr pressure at an engine speed of 2500 
rpa and a cooling-air pressure drop across cowling of 20 inches of aater. Wright C9aC cylinder! 
cosvresslon ratio, 7.0) cooling-air upstream temperature, 12S° ft fuel. Arm; loO-oetane aviation 
gasoline. 



